Introduction: The incidence of hip fracture is projected to increase in the next 25 years as the world population ages. Hip fracture is often associated with subsequent readmission and mortality. Nevertheless, elderly patients often may not achieve the same level of functional ability as prior to their injury. Several studies have shown that close collaboration between orthopedic surgeons and geriatricians can improve such outcomes and Geriatric Day Hospital (GDH) is one of the examples of collaboration to improve such outcomes. The aim of this descriptive retrospective study is to review the effectiveness of the day rehabilitation program provided by a GDH on functional outcomes, mortality, and readmission rate, among a sample of elderly patients with hip fracture. Methods: The medical records of patients from January 1, 2009, to December 31, 2012, were collected and evaluated. Demographic data of the patients and Charlson Comorbidity Index were collected. The Barthel Index, Elderly Mobility Scale, and Mini-Mental State Examination were measured on admission and at discharge of the patients to evaluate both physical and cognitive functions. Results: The results showed that the majority of patients benefited from rehabilitation in the GDH. The 12-month mortality rate of patients taking full-course rehabilitation in the GDH was improved. The age of patient was the most important factor influencing the rehabilitation outcomes. Gender was the only risk factor for 12-month mortality and 6-month readmission. Discussion: Since patients were selected to attend GDH, there was a bias during the selection of patients. Furthermore, it was difficult to compare patients attended GDH with patients who did not because outcomes of the latter were difficult to be recorded. Conclusions: Our study shows that postoperative geriatric hip fracture patients definitely can benefit from rehabilitation service offered by GDH in terms of functional and cognitive outcomes.
Introduction
The incidence of hip fractures is projected to increase by more than 250% in the next 25 years as the world population ages. 1, 2 Hip fracture is often associated with subsequent rehospitalization, increased number of hospital stay, and high hospital costs. In United States, Sloan et al 3 reported a 167% increase in expense for hospital readmission from 1984 to 1994 for patients with hip fracture. The occurrence of unplanned hospital readmission among elderly adults with hip fracture is a significant concern, as it will further burden our medical system. Apart from readmission, the elderly patients become weaker by the effect of hospitalization and surgery. 4 As a result, the patients may not achieve the same level of functional ability as prior to their injury. Approximately one-third of the patients with hip fracture die within the first year after surgery. 5, 6 Existing literatures suggested that there is a need to improve the efficiency and quality of hip fracture treatment and the model of care. An example of such improvement is the establishment of day rehabilitation program for those patients who received hip fracture surgery. It has been reported that the collaboration between orthopedic surgeons and geriatricians can improve hip fracture patients' outcomes, which include activities of daily living (ADLs), number of medical complications, readmissions, subsequent mortality, and long-term restitution. [7] [8] [9] [10] A number of preliminary studies have shown that better outcomes were resulted when elderly patients were treated by a closed collaboration between orthopedic surgeons and geriatricians. [11] [12] [13] In Hong Kong, there are 14 geriatric day hospitals (GDHs) providing day rehabilitation services and serving different parts of Hong Kong.
14 There are geriatricians, physiotherapists, and nurses with geriatric expertise providing care for patients after hip fracture surgery during daytime on weekdays. The services include the following components: conducting initial physical and mental screening and evaluation; providing continuity of care including geriatric care, physiotherapy, and occupational therapy; and early discharge planning. After hip fracture surgery in acute hospital, patients are referred to GDHs for physical therapy. Different patients have different treatment timelines according to the suggestions by physical therapists. They would be discharged once they reach the plateau of their exercise tolerance. Although the day rehabilitation program provided by GDH has been launched for decades, there is still lack of evidence showing such service is effective in improving the eventual outcomes of the patients after hip fracture surgery. Furthermore, as the number of geriatric hip fracture is increasing dramatically in recent years, the resource implication for the rehabilitation is expected to significantly increase burden to our social economic system in the coming years. It is time to justify the efficiency of day rehabilitation service with balance of the clinical outcome and social resource implicated being taken into account.
The aim of this descriptive retrospective study is to review the effectiveness of the day rehabilitation program provided by GDH on functional outcomes, mortality, and readmission rate, among a sample of elderly patients with hip fracture.
Materials and Methods Patients
Some patients after hip fracture surgery in one of the acute hospitals are transferred to a GDH in Hong Kong for further rehabilitation after discharge. Medical records of the patients attending this GDH from January 1, 2009, to December 31, 2012, were collected for this retrospective study. Patients aged 60 or above who received hip surgery due to low-energy traumatic (defined as fall from standing height) hip fracture and had attended full course of rehabilitation in this GDH were included in this study. The hip fracture should be isolated, including femoral neck, intertrochanteric, and subtrochanteric fractures. Patients having pathological fractures, periprosthetic fractures, multiple fractures, totally bedridden, or more than 14 days' surgery lag time were excluded. A total of 253 patients were recruited in the study. The study was approved by the institutional review board of the institution.
Data Collection
Demographic data of the patients, including age, gender, premorbid walking status, smoking status, use of bisphosphonates, length of stay in acute hospital, and Charlson Comorbidity Index (CCI) were collected. Charlson Comorbidity Index is the most extensively studied comorbidity index and widely used. 15 The Barthel Index (BI), Elderly Mobility Scale (EMS), and Mini-Mental State Examination (MMSE) were measured on admission and at discharge of the patients to evaluate both physical and cognitive functions. The rehabilitation 16, 17 Rehabilitation effectiveness was defined as the percentage of potential functional improvement actually achieved, so as to take the potential maximal functional improvement into account. In this study, the outcome was evaluated by RE in terms of BI, EMS, and MMSE and calculated as follows:
REs ¼ ½ðFinal BI=EMS=MMSE score À initial BI=EMS=MMSE scoreÞ =ðMaximum possible BI=EMS=MMSE score À initial BI=EMS=MMSE scoreÞ Â 100%:
In additional to that, cumulative readmission (3 and 6 months after discharge), cumulative mortality (1, 6, and 12 months after discharge), and refracture within 2 years of patients were also recorded to evaluated outcomes.
Statistical Analyses
Statistical analyses were carried out using Statistical package for Social Science software version 17.0. Independent t test was used for continuous variables, and w 2 test was performed for categorical variables. Statistical significance was set as P < .05.
Linear regression was used to determine those risk factors for poor RE in terms of BI, EMS, and MMSE. Binary logistic regression was used to determine risk factors for mortality, refracture, and readmission. The covariates that were controlled during multivariate analysis included gender, age, smoking status, use of bisphosphonates, length of stay, CCI, BI on admission, EMS on admission, MMSE on admission, and premorbid ambulatory status.
Results
During the observed period from January 1, 2009, to December 31, 2012, 317 elderly patients attended the GDH for rehabilitation. Among these patients, 253 met the inclusion criteria and were included. Most patients were female (75.9%). Majority of the recruited patients were between 80 and 89 years. Only 47 (18.6%) patients were smoker or ex-smoker, and 34 (13.4%) patients had been taking bisphosphonates. Two hundred one (80.4%) patients stayed in acute hospital no more than 7 days, whereas 49 (19.6%) patients stayed in acute hospital for more than 7 days. The mean CCI was 2.6. Most of the patients walked with aid before injury. The detailed demographic profile of the study population is shown in Table 1 .
The mean scores of BI, EMS, and MMSE on admission were 80.5, 12.1, and 17.8, respectively. Most of the patients showed improvement in physical and cognitive function after rehabilitation in GDH (mean score increased on discharge; P < .000). The mean RE is also shown in Table 2 . Those patients with maximum scores on admission were excluded when calculating the RE.
Bivariate analysis was used to study the relationship between RE and various variables. On the other hand, it revealed any significant factors for RE determined by BI, EMS, and MMSE (Table 3 ). It showed that older age (>90) was the significant factor influencing improvement in BI (P < .05), while premorbid ambulatory status was the significant factor influencing that of EMS (P < .05). Barthel Index and EMS on admission were all important factors related to the improvement of BI and EMS. Mini-Mental State Examination can reflect the cognitive status of patients. In our study, there was no single important factor related to the improvement in MMSE, including MMSE on admission. Smoking status, use of bisphosphonates, length of stay, and CCI did not have any relationship on the RE in terms of BI, EMS, and MMSE. In the subsequent multivariate analysis, only older age (>90) was the independent predictor factor of poor RE of BI, while poor BI and EMS performance on admission were independent predictor factors of poor RE of EMS.
The outcomes of patients were evaluated by readmission, refracture, and mortality. As shown in Table 4 , there were readmissions of 15 (5.9%) and 25 (9.9%) within 3 and 6 months after discharge, respectively. Only 3 (12%) of these patients were readmitted to orthopedics and traumatology specialty, while 22 (82%) of these patients were readmitted to other specialties ( Figure 1) . Fifteen (5.9%) patients underwent refracture within 2 years. No patients died within 6 months and 12 (4.7%) patients died within 12 months.
Bivariate analysis indicated no risk factors for readmission and refracture within 2 years (Table 5 ). On the other hand, males, poor BI performance on admission, and poor EMS performance on admission were risk factors for cumulative 12-month mortality.
Multivariate analysis was also performed (Table 6) . Similarly, no risk factors for readmission and refracture were found in this study. The risk factors for 12-month mortality were male and poor BI performance on admission (Figure 2 ). 
Discussion
Elderly patients have a higher risk in experiencing functional decline after hospitalization. Córcoles-Jiménez et al showed that 20% of patients remain in a situation of dependence after discharge. 18 The implementation of GDH is to allow elderly patients receive rehabilitation and comprehensive geriatric assessment without hospitalization. On the other hand, it can provide services in a multidisciplinary approach similar to institution but without additional costs. Hui et al reported that the cost of day hospital treatment in Hong Kong was found to be much cheaper than an equivalent period of inpatient rehabilitation. 19 The difference in costing was mainly due to the manpower allocation. In GDH, more allied health but less nursing manpower was recruited and it only opened in daytime. The current study demonstrated that most of geriatric hip fracture patients benefited after rehabilitation in GDH in terms of physical outcomes (BI and EMS; P < .000) and cognitive outcomes (MMSE; P < .000). There were few published studies on postoperative hip fracture rehabilitation using RE. Recently, Tan et al reported that the mean RE of postoperative hip fracture rehabilitation in a community hospital was 40.4 (26.3). 20 From our study, the mean RE by BI was 22.5 (66.6). One possibility relative low percentage is that our study had slightly older patients (>50% between 80 and 89 years). On the other hand, most of our patients had higher BI on admission (>50% between 61 and 100).
In bivariate analysis, older age patients and poor functional scores (both BI and EMS) on admission were associated with poor outcome on RE by BI. On the other hand, premorbid ambulatory status and poor functional scores (both BI and EMS) on admission were associated with poor outcome on RE by EMS. Elderly Mobility Scale is mainly used for assessment of patients' ambulatory status and it is significantly more likely to detect improvement in mobility than the BI, and the magnitude of detected improvement is significantly greater using EMS. 21 However, BI is a measurement of patients'
ADLs, not only mobility but also the level of independence. We hypothesized that patients with localized diseases affecting walking ability might have poor EMS, but overall ADLs might not be affected. Similarly, age is one of significant predictors of ADL independence among older adults. 22 Comorbidities, gender, and cognitive status on admission were not associated with the outcomes on RE (P > .05), and these findings were similar to other studies. [23] [24] [25] [26] [27] In multivariate analysis (Table 7) , advanced age is the only independent predictor of poorer RE by BI in our study. Previous studies also have showed older age is usually associated with poor functional recovery after a hip fracture. [27] [28] [29] The 1-year mortality of the current study was 4.7% (n ¼ 12), which was much lower than the average 1-year mortality rate in Hong Kong (around 25%). 30, 31 This further confirmed the effectiveness of rehabilitation in GDH. Male patients showed higher risks of death (odds ratio [OR] ¼ 4.5; P ¼ .04) and readmission at 6 months (OR ¼ 4.2; P ¼ .041). This finding was similar to other studies. 30, 31 Ekstrom et al reported that men with hip fracture usually has a poorer comorbidity before surgery and has higher mortality than women. 32 The readmission rates at 6 months were 10.3% (n ¼ 26). The rate of readmission at 6 months was 10.3%, which was lower than the figures in other published hip rehabilitation literature.
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Limitations
There are some limitations in this study. Firstly, those patients attending GDH for rehabilitation were selected by doctors in acute hospital. As a result, there was a bias during the selection of patients. Secondly, in order to prove the effectiveness of day program provided by GDH, it was much better to compare patients with and without attending GDH; however, there were no data about patients who did not attend GDH. Another issue was that readmission specialties were recorded, while exact diseases for readmission were not. The numbers of patients died within 12 months (n ¼ 12) and rehospitalized within 6 months (n ¼ 26) were small, which was an evidence for the effectiveness of GDH. However, the relatively small sample size of death and rehospitalization would deteriorate the accuracy of statistical analysis for mortality and rehospitalization risk factors. The RE method showed some deficiency in evaluating patients with decreased functions after rehabilitation. The RE value could be smaller than À100%, which made the variation extremely large.
Future Plan
All GDHs in Hong Kong should be recruited for future study in order to see whether each GDH is cost-effective in geriatric hip fracture rehabilitation. On the other hand, the data generated can help setting up a standard protocol for geriatric hip fracture rehabilitation in all GDH in order to maximize the effectiveness of rehabilitation in GDHs with limited resources, thereby decrease the burden to our social economic system.
Conclusion
Our study showed that postoperative geriatric hip fracture patients definitely could benefit from rehabilitation service offered by one of our GDH in Hong Kong in terms of functional and cognitive outcomes. According to our study, age was the most important factor in determining the functional outcomes after rehabilitation. The current study showed the preadmission cognitive status did not affect the functional outcomes at discharge. Gender was the only risk factor for 12-month mortality and 6-month readmission.
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